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A quantum-mechanical theory of gravitation is presented, where
the motion of particles is based on the optics of de Broglie waves.
Here the large-scale geometry of the universe is inherently flat, and its
age is not constrained to < 12 billion years. While this theory agrees
with the standard experimental tests of Einstein’s general relativity,
it predicts a different second-order deflection of light, and measure-




Modern physics has two different representations of gravitation: in addition to the
geometric one of Einstein’s general relativity, there is also the quantum-mechanical
description. According to general relativity’s weak equivalence principle, the mo-
tion of a test particle in a gravitational field is independent of its mass. However,
in quantum mechanics, the motion depends intimately on particle mass. The math-
ematical structures of the two representations “seem utterly incompatible,” in the
words of Francis Everitt.
Weinberg [1] suggests that the prevailing geometric model of gravitation “has
driven a wedge between general relativity and the theory of elementary particles.”
He also points out that this approach is unnecessary:
Einstein and his successors have regarded the effects of a gravitational
field as producing a change in the geometry of space and time. At one
time it was even hoped that the rest of physics could be brought into a
geometric formulation, but this hope has met with disappointment, and
the geometric interpretation of the theory of gravitation has dwindled
to a mere analogy, which lingers in our language in terms like “metric,”
“affine connection,” and “curvature,” but is not otherwise very useful.
The important thing is to be able to make predictions about images
on the astronomers’ photographic plates, frequencies of spectral lines,
and so on, and it simply doesn’t matter whether we ascribe these pre-
dictions to the physical effect of gravitational fields on the motion of
planets and photons or to a curvature of space and time.
It’s often held that, beyond describing gravitation, curved space-time explains
it. On this basis, Einstein’s theory is taken to be superior to others based solely
on potentials. There is no explanation how mass-energy results in such curvature,
however. So one unknown is only replaced by another. And, despite heroic efforts
by Einstein and others, no geometric basis has been found for electromagnetism.
We are left with inconsistent representations of these phenomena.
Gravity and electromagnetism are more closely related in the theory introduced
here. It is assumed the effects of gravitational potentials do not come indirectly,
via space-time curvature, but from their direct influence on quantum-mechanical
waves. Beyond its immediate compatibility with quantum mechanics, the mathe-
matical description of gravity obtained is simpler and more precise than the present
one. As shown below, this theory agrees equally well with the usual experimental
tests of general relativity. Also, it makes new predictions for future experiments.
The Hubble redshift has been widely regarded as the ultimate vindication of
Einstein’s general relativity. In the associated standard Big Bang model, the redshift
is attributed to a curved, expanding space-time. However, this is contradicted now
by various observations. These include measurements of the distribution of galax-
ies, which reveal no discernable large-scale curvature [2]. According to Linde [3],
the discrepancy is approximately sixty orders of magnitude. Also, from the red-
shifts and distances of nearby spiral galaxies measured by Freedman et al. [4], the
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standard Big Bang model puts the maximum age of the universe at 12 billion years,
less than the estimated age of its oldest stars.
This new theory leads instead to an evolutionary cosmology, in which the Hub-
ble redshift can be attributed to gradual change in basic properties of the universe
and atomic spectra. This gives a universe older than its stars, with an inherently flat
geometry.
2 Potentials and Quantum-mechanical Waves
At the most fundamental level, electromagnetism is described in terms of the effects
of potentials on the phases of quantum-mechanical waves. The phase change, ∆S,








A  ds (1)
where ∆S is measured in cycles, q is the charge, and the integrals are taken over a
possible trajectory, s. Using Gaussian units, Φ is the scalar electromagnetic poten-
tial, A the vector potential, h Planck’s constant, and c the speed of light. As pointed
out by Aharanov and Bohm [5] (and reiterated by Feynman [6]), this subsumes the








Colella, Overhauser and Werner [7], demonstrated in 1975 that de Broglie
waves are influenced similarly by gravitational potentials. That experiment mea-







where m is the neutron mass and the subscript g indicates a gravitational potential.
Here effects such as this will be taken as the basis of gravitation. Although they
are not summarized by the preceding equation, within experimental accuracy, the
same phase shift is predicted for the Colella-Overhauser-Werner experiment.
Like the electromagnetic potentials, gravitational potentials are treated here as
attributes of elementary particles. In rectangular coordinates with the particle at the
origin, the scalar electromagnetic potential of a particle with velocity v is
Φ =
q / 4pi0p
x2 + (y2 + z2)(1− v2/ c2) (4)







The gravitational potentials of particles are taken to have the same relativistic form.
This gives a scalar gravitational potential,
Φg =
− Gmp
x2 + (y2 + z2)(1− v2/ c2) (6)
where G is the gravitational constant and m the particle mass. (Following the






Hence the equipotential surfaces for individual particles have exactly the same
shape and arrangement for the four potentials Φ, A, Φg, Ag. (Consequently, these
potentials may be attributable to a unified source [8].)
















Gravitational potentials are taken to obey wave equations of the same form, which
















where ρm refers to the mass density and jm the mass current. The resulting grav-
itational waves have the same velocity c as in present general relativity, although
they are qualitatively different. Also, because c will depend on Φg in this theory,
the waves are nonlinear. However, as in the acoustic wave approximation, they can
be treated as linear for small amplitudes such as those found in the solar system.
The polarization states of the waves are 90 degrees apart, unlike the 45 degrees
predicted by Einstein’s theory. It has been argued that such vector gravitational
waves would carry negative energy; i.e. are physically impossible. (See Misner,
Thorne, and Wheeler [9] for the argument and a discussion of vector theories of
gravitation.) In that argument, the energy density of empty space is taken to be
zero. However, we know from quantum mechanics that it is not zero; there is
always the vacuum energy.
We will assume that gravitational potentials represent regions of reduced vac-
uum energy, where the total energy density remains positive. (This is not unlike the
“sea of electrons” introduced by Dirac to explain the negative energy solutions of
his relativistic wave equation.) Of course, like electromagnetic waves, gravitational
waves would represent propagating changes in these potentials, both positive and
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negative. From the analogy to electromagnetism, these fluctuations would have the
capacity to do work, and it follows that continuous waves would transmit positive
energy.
In usual field theory, potentials are treated as collections of real and virtual
photons and gravitons. Gravitons and their spin have not been measured. The spin
would be 1 in the context of a vector theory such as this. Given that their energy
is positive, the force produced by such gravitons would be repulsive, rather than
attractive. On this basis, they have been ruled out [10]. However, a spin-1 graviton
can be taken to represent a deficit or “hole” in the vacuum energy. In this case,
unlike photons, the momentum carried would be opposite the propagation direction
and the gravitational force is attractive.
Also, Misner, Thorne and Wheeler [9] have argued that vector theories do not
permit gravitational deflection of light. But their basis is an example of a vector
theory they construct, and this one will be seen as a counter-example.
3 Wave Velocities
In 1911, before arriving at the current theory of general relativity, Einstein [11]
proposed that the effect of a gravitational potential is a decrease in the speed of
light. While accurately describing the gravitational redshift and the behavior of
clocks, that theory predicted only half the measured value for the deflection of
starlight by the Sun.
In this theory, a reduction of the velocities of all quantum-mechanical waves,
including light, is assumed as the fundamental effect of gravitational potentials.
The amount of reduction, and the way this is manifested differ substantially from
Einstein’s initial scheme. Here, we take the speed of light to be
c = c 0e2Φg/c
2
0 (12)
where c0 is the value in the absence of a gravitational potential. (This is the equiv-
alent of choosing a metric in conventional general relativity.) The lower velocity
limit for de Broglie waves is also defined by c. Hence the same effect must apply




where the 0 subscript again indicates the corresponding quantity without a poten-
tial.
At the quantum-mechanical level, the frequencies of de Broglie waves deter-
mine the rates of clocks, and their wavelengths the sizes of atoms and measuring
rods. In fast moving atoms, the frequencies of constituent particles, and their wave-
lengths in the direction of motion, diminish relativistically by the same factor. The
wavelength λ and frequency ν are related to the wave velocity by
V = λ ν (14)
5
From Eq. (13), λ, ν or both must also vary for particles in gravitational potentials.








where the subscript 0 has the same meaning as before. (In this case, the change
in λ is isotropic, and does not occur in just one dimension.) From these effects,




. As a result, the changed velocity of light is not apparent locally.




2 − e−2Φg/c20 (dx2 + dy2 + dz2) (17)
with ds representing an invariant space-time interval. Several theories incorpo-
rating similar metrics are described in a review by Ni. [12] However, they differ
fundamentally from the present non-metric theory; although locally flat, each is
based on a curved space-time. Due to this curvature, they violate special relativity
and were shown by Will and Nordtvedt [13] in 1972 to disagree with experiment.
4 Gravitational Frequency Shift and Deflection of Light
In this theory, although measuring devices are altered by gravitational potentials,
there is no effect on the geometry of space or time. Thus, for any given inertial
reference frame, space is Euclidean and can be described naturally in terms of
isotropic coordinates. These are the coordinates we’ll use. (Of course, to translate
measurements into isotropic coordinates, they must be adjusted for the condition
of the measuring devices, to match those of observers removed from gravitational
potentials.)
Here we’ll also choose the inertial frame in which the gravitating body is sta-
tionary. For a spherical body, from Eq. (6) we get simply
Φg = −GM/r (18)
where r is the isotropic radius and M the mass of the body. Putting this into Eq.
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(19)
In present general relativity, unlike Eq. (18), the gravitational potential does
not vary simply as1/r in isotropic coordinates. (And is not analogous to the elec-
tromagnetic potential in this respect.) As a function of the potential, the rates of
clocks also differ from Eq. (15). However, these differences effectively cancel, and
in terms of the isotropic radius, the clock rates predicted by Einstein’s final theory
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are the same as Eq. (19) to the second order [14]. Both theories agree well with
the best direct measurement of gravitational frequency shift to date, by NASA’s
Gravity Probe A [15], which is only accurate to the first order in GM/(c2r).








which agrees with Eq. (15) to the first order. However, in that theory there was
no effect on λ, or the dimensions of measuring rods, corresponding to Eq. (16).








In the 1911 paper, Einstein uses a wave approach to derive the deflection of
starlight by the Sun and Jupiter. From Huygen’s principle and this expression for





for small angles of deflection, where α is the angular deflection in radians and R is
the radial distance to the light ray at its closest point.
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(23)
Using the same method and omitting the terms above first-order, this c gives a





where α1 represents the first-order deflection in radians. This is the first-order effect
predicted by present general relativity, about 1.0075 for a star near the limb of the
Sun.
Using ordinary geometrical optics, we can also describe the exact trajectories













Putting this into Eq. (12), the speed of light in a spherical potential becomes
c = c0e−2µ/r (27)
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The optical ray path in a spherical index gradient is given by






r2n2 − k2 (29)
where θ and r are polar coordinates, and θ0 and r0 are the values at an arbitrary
starting point. (See Marchand [16].) The constant k can be found from
k = rn sinψ (30)
where, for any point on the ray trajectory, ψ is the angle between the trajectory
and a line connecting the point and origin. Inserting n from Eq. (28) into these
equations gives an exact equation of the ray path as a function of r.
The same mathematics describe the orbits of planets, including the precession
of Mercury’s perihelion, as shown in the next section. Eq. (29) is integrated there
to obtain general equations describing both planetary motion and gravitational light
deflection. To find the solar deflection of starlight to the second order, we can set r
equal to R and sinψ to 1 in Eq. (42). The particle or body’s velocity v is also set
to the speed of light given by Eq. (27).
Eqs. (45)-(48) then give the hyperbolic ray trajectory in polar coordinates. (For
light, the terms involving E200/E2 disappear.) Setting r to infinity in Eq. (48), θ is
then the deflection for half the ray trajectory. The resulting first-order deflection for
the complete trajectory again is that in Eq. (24). Taking the sign of α1 as positive,
the second-order term α2 can be expressed as
α2 = − 12 α
2
1 (31)
when α1 and α2 are in radians. For a star near the Sun’s limb, α2 amounts to a
decrease of about 7.4 µarcseconds. While giving no exact equation for the ray tra-
jectory in isotropic coordinates, present general relativity predicts a second-order
decrease of about 11 µarcseconds [17]. (We’ve neglected a small additional cor-
rection to due to gravitomagnetism from the Sun’s rotation.)
Two satellite observatories which may detect second-order light deflection are
under active consideration by NASA and the European Space Agency. Both would
include multiple-purpose interferometers designed for precise measurements of the
relative angular positions of stars. The ESA proposal, GAIA (Global Astrometric
Interferometer for Astrophysics) [18], would have an accuracy in the range of 5-20
µarcseconds, while the NASA satellite POINTS (Precision Optical INTerferometry
in Space) [19] is specified at 5 µarcseconds. Conceivably, these experiments could
rule out one of the two theories.
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5 Precession of Mercury’s Orbit
The basic method we’ll use to find planetary trajectories dates back (remarkably) to
Johann Bernoulli (1667-1748). Bernoulli discovered that the motion of a body in a
gravitational field can be treated as an optics problem, through assuming a fictitious
refractive index. His index was related to the square root of the difference between
the kinetic and potential energies. (See Lanczos [20].) The same analogy between
mechanics and optics underlies the familiar Hamiltonian representation of classical
mechanics. Hamilton based this on hypothetical surfaces of constant “action.”
In quantum mechanics, the analogy to optics becomes more direct: instead of
surfaces of constant action, there are moving de Broglie wavefronts. Like light
rays, the trajectories of associated particles are perpendicular to these. Thus, for
wavefronts with large radii of curvature, the trajectories can be found by the meth-
ods of geometrical optics. To do this, we’ll derive an effective refractive index for
the de Broglie waves of an orbiting body.






where v is the velocity of a particle or body. To put V in terms of energy, we can
use the special relativistic transform
E =
E0p
1 − v2/c2 (33)
where E0 is the rest energy. Solving for v gives
v = c
q
1 − E20/E2 (34)





For a freely orbiting body, E is conserved. However, the rest energy E0 depends on




0 = E00 e−µ/r (36)
where E00 is the energy for both a zero velocity and zero gravitational potential.




1 − E200E2 e−2µ/r
(37)
This gives the de Broglie wave velocity in terms of orbital constants and the single
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variable r. For a given planetary orbit, it can be used to construct a refractive index





(Unlike the refractive index of optics, here n is typically less than one.) Inserting





















(As the velocity of a particle or body approaches c, the quantity E200/E2 vanishes
and this becomes the trajectory of a light ray, as in Eqs. (28) and (29).) To define
k, we can begin by expressing n as a function of the orbital velocity v. Rewriting
Eq. (32) in terms of c0 via Eq. (27), then substituting the resulting expression for










where ψ is the angle between the orbital velocity vector and radial position vec-
tor. Here k is another constant of the motion, playing essentially the same role as
conserved angular momentum in Newtonian mechanics.
In Eq. (40), since higher powers of µ/r are vanishingly small in the solar



































8µ2 − 2µE200E2 − k2
 (44)
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We’ll use these notations for the quadratic coefficients:
A = 1− E200/E2 (45)
B = 4µ − 2µE200/E2 (46)
C = 8µ2 − 2µ2E200/E2 − k2 (47)

















Solving for r gives the time-independent equation for the orbit:
r =
−2C/B




This has the basic form of a polar equation of an ellipse,
r =
a (1− 2 )
1−  sin θ (50)
where a is the semi-major axis and  is the eccentricity. (Eq. (49) describes hyper-
bolic trajectories also.) In Eq. (49), the quantity corresponding to a(1− 2) (called
the parameter, or p, in orbital mechanics) is given by
a (1− 2 ) = −2C/B
=
−2 (8µ2 − 2µ2E200/E2 − k2
4µ− 2µE200/E2
(51)
Since the orbital velocities of planets in the solar system are essentially non-
relativistic, the value of E200/E2 is extremely close to one. Also, the value of µ2 is
minuscule compared to k2. In this case, the last equation reduces to




(The definition of µ used here differs from that used in classical orbital mechanics,
by the factor 1 /c20.) Calling the total change in θ from one minimum of r (perihe-
lion) to the next ∆θ, it follows from Eq. (49) that
∆θ
q
−C/k2 = 2pi (53)
Again, since the value of E200/E2 is very nearly one, Eq. (47) becomes
C = 6µ2 − k2 (54)
11




We can take just the first two terms of the binomial expansion for the inverse square






Then substituting for k2 via Eq. (52), we arrive at
∆θ = 2pi +
6piµ
a (1− 2 ) (57)
From the last term, the perihelion is shifted in the direction of orbital motion.
This corresponds to Einstein’s equation for the orbital precession [22], and agrees
closely with the 4300 per century value observed for Mercury.
6 Equivalence of Inertial and Gravitational Mass
Underlying the weak equivalence principle of Einstein’s general relativity is the as-
sumption of an exact correspondence between gravitational and inertial mass [23].
From this and the assumption of an absolute speed of light, it follows that the ac-
celerations of free bodies in gravitational fields are independent of their masses. In
isotropic coordinates, however, the speed of light decreases in gravitational poten-
tials. And in terms of those coordinates, a free body’s motion is no longer com-
pletely independent of its mass.
Consider a body already traveling at nearly the speed of light, falling into a
strong potential. In isotropic coordinates, the velocity will slow rather than in-
crease, since the local value of c sets an upper limit. Also, since the mass of a
falling body contributes to the total potential, the local speed of light and the ac-
quired velocity will depend to some degree on its mass. However, unlike the veloc-
ity v, the quantity v/c does increase, and its behavior is independent of the body’s
mass, regardless of the coordinates used.
To compare the accelerations of different masses in this new theory, we can
describe the change in their velocities for a given change in gravitational potential.
(Galileo’s Tower of Pisa experiment.) We’ll use the conservation of energy for




1 − v2/c2 (58)
where m0 is the rest mass, and m0c2 the rest energy. From Eq. (36), the latter





where m00 is the mass at zero velocity and zero potential. (It also follows from Eq.
(12) that m0 = m00 e−3Φ/c20 .) Equating the final and initial energies, and taking









where v is the acquired velocity, Φ0g is the final potential and Φg the initial one.
Dividing both sides by m00c20, the mass drops out, and we can see immediately
that the quantity v/c is independent of a falling body’s mass in this theory as well.






For the constituent particles in a body with substantial mass and gravitational
binding energy, the initial and final potentials would both be lower, but the potential
difference does not change. This equation shows that, as long as the local speed of
light c is not significantly affected by a falling body’s potential, its acquired velocity
and acceleration are mass-independent. It also indicates that gravitational and iner-
tial mass are equivalent, in exactly the same sense as in Einstein’s general relativity.
(However, here this equivalence does not represent an additional assumption.)
A very accurate experiment devised by Nordtvedt [24] has compared the accel-
erations of Earth and the Moon towards the Sun, using lunar laser ranging. Within
experimental error, no difference is observed for the two masses [25]. While that
finding has eliminated some alternative theories of gravitation, it is consistent with
both Einstein’s theory and this one.
7 Gravitomagnetism
Here we’ll further explore the analogy between electromagnetism and gravitation in
this theory. Referring to Eq. (1), substituting vdt for ds, the fundamental equation





(Φ− v A / c ) dt (62)
Again, over a possible path of a charged particle, this integral gives the cumulative
change in the de Broglie wave phase due to the potentials. It can be obtained from
first principles by considering the de Broglie frequency, νv, seen at a point moving
with the particle, at velocity v. This frequency is given by the relation
νv = ν 0
q
1 − v2/c2 (63)
where ν 0 is the de Broglie frequency seen in the inertial frame where the particle is
a rest. Using the Planck and Einstein relations, and the relativistic transformation
for the potential, the particle’s energy in that frame can be expressed as
hν 0 = m0c20 + qΦ
0
= m0c20 + q(Φ− v A / c ) /
q
1 − v2/c2 (64)
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1 − v2/c2 + q
h
(Φ− v A / c ) (65)
which gives Eq. (62) directly.
Next we’ll do the same for gravitational potentials. Eq. (59) gives
hν 0 = m00c20e
Φ′g/c20
= m00c20e
(Φg −vAg / c) / (c20
p
1− v2/c2 ) (66)
For weak gravitational potentials such as Earth’s, we can omit the vanishing terms
above first order in the series expansion for the exponential. Using that, we again







1 − v2/c2 + m00
h
(Φg − v Ag / c ) (67)





(Φg − v Ag / c ) dt (68)
which resembles Eqs. (62) and (3).
Like the integral of the Lagrangian (action), the variation in the de Broglie
wave phase, S, near a well-defined particle trajectory is zero. Hence the two are
related. The relativistic Lagrangian for a particle or body (a negative energy by
convention) can be obtained simply by multiplying the de Broglie frequency at its
moving position by −h:
L = −hνv (69)
For example, Eq. (65) gives the relativistic Lagrangian for a charged particle [26]
L = −m0c2
q
1 − v2/c2 − q (Φ − v A / c ) (70)





1 − v2/c2 − q0 (Φ0 − v A0 / c )







where q0, Φ0 and A0 are the values of q, Φ and A for a zero gravitational potential.
In the case of a weak gravitational potential alone, this reduces to
L = −m00c2
q
1 − v2/c2 − m00 (Φg − v Ag / c ) (72)
which has the same form as the electromagnetic Lagrangian. While such an ex-
pression does not embody the mathematical property of “manifest covariance” ad-
vocated by Einstein, nevertheless it is properly relativistic. (See Goldstein [26] and
Bell [27].)
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From Eq. (70), the usual electromagnetic Lorentz force equation, Eq. (2), can









where the force F corresponds to the rate of change in the relativistic momentum,
the gravitational field G (not to be confused with the gravitational constant) has
been defined as





and the gravitomagnetic field H is
H = rAg (75)
Ciufolini and Wheeler [29] give calculations of the gravitomagnetic field in
Einstein’s theory, derived from an analogy to electromagnetism and the quadrupole
magnetic moment. For a rotating spheroidal body such as Earth, the resulting weak-
field expression for H is
H = 2





where J is the angular momentum, r is the radial position vector, and r the ra-
dius. The same method can be used here, resulting in the same equation. For
non-relativistic velocities, the weak-field force equation, Eq. (73), is also correct
for both theories. These equations are manifested differently, however.
According to Einstein, gravitational potentials do not act directly on particles
or their de Broglie waves, but on the space-time in which they reside. In addition
to the curvature caused by mass-energy, gravitomagnetism is presumed to result
from the “dragging” of space-time by mass-energy currents. As first described by
Lense and Thirring [30], outside a rotating massive body this would be manifested
as a local rotation of space-time. Again, in this theory, gravitation has no effect on
space or time. As in ordinary magnetism, gravitomagnetism involves no space-time
rotation, and the analogy is more complete.
Whether gravitomagnetism is attributed to rotating space-time, or the effects
of relativistic gravitational potentials, the predicted trajectories for Earth-orbiting
satellites are the same. In either case, the orbits precess in the direction of Earth’s
rotation, by the amount predicted by Eqs. (76) and (73). This has been verified by
Ciufolini et al [31], in their recent analysis of data from the LAGEOS and LAGEOS
II satellites.
However, the predictions are sharply different for the upcoming NASA satel-
lite experiment, Gravity Probe B. Scheduled for launch in 2000, that experiment
will measure the orientation of a gyroscope in polar Earth orbit with respect to se-
lected stars. In Einstein’s model, both the probe’s orbital plane and the gyroscope’s
axis turn with the local space-time, and the gyroscope is predicted to undergo a
corresponding Lense-Thirring precession of .042 arcseconds/year [32].
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In this theory, without rotating space-time, there is no corresponding effect on
the gyroscope. Although the gravitomagnetic field varies with latitude, it is effec-
tively uniform at the scale of Gravity Probe B. In analogy to a uniformly charged
body passing through a magnetic field, all parts of the satellite experience effec-
tively the same gravitomagnetic force, and there is no significant torque on the
gyroscope. (This resembles the effect of the gravitational field. While that shifts
the probe’s trajectory 360 in a single orbit, the gyroscope’s angle changes insignif-
icantly.)
Since the orbital plane is shifted without a corresponding shift of the gyro-
scope’s orientation, a null measurement of the Lense-Thirring effect is predicted,
and Gravity Probe B offers a clear test of this theory against Einstein’s.
8 Orbital Decay of PSR 1913+16
The strongest evidence of gravitational waves at present is the orbital decay of the
binary pulsar, PSR 1913+16. This star orbits its companion with a short period of
7.75 hours, in a highly eccentric orbit ( = 0.617). Since pulsars have the regularity
of atomic clocks, the orbital period and other parameters of the system can be
very accurately determined from pulse arrival times. As shown by Weisberg and
Taylor [33], the observed orbital period shift agrees closely with the gravitational
radiation damping predicted by present general relativity.
It’s assumed the stars suffer no tidal effects and the surrounding space is free
of matter, so the loss of orbital energy is due entirely to gravitational waves. The
loss is calculated from an equation derived by Peters and Mathews [34]. That gives
the average power radiated by point masses in Keplerian orbits, based on the weak-
field, slow-motion approximation of Einstein’s gravitation. Acknowledging dissen-
sion on this point, Peters and Mathews assume the energy carried by conventional
gravitational waves is real and positive, citing the analogy to electromagnetism.
Several parameters needed for the calculation, the stellar masses and projected
axis of the pulsar orbit, are not directly available from the pulsar data. Taylor and
Weisberg obtain the missing parameters by solving three simultaneous equations,
including one for the periastron advance, and another for the combined transverse
Doppler and gravitational frequency shifts. These relativistic effects are directly
observable. However, the equations for them depend on the theory of gravitation
chosen. Within the framework of Einstein’s gravitation, the resulting energy loss
has been found to agree with the observed orbital period shift to an accuracy of
about 0.4% [35].
As shown earlier, the equations for the gravitational frequency shift and peri-
astron advance (Mercury’s perihelion advance) are identical in this theory. Con-
sequently, the stellar masses and orbital parameters obtained are the same. As
described by Feynman [36], the power radiated in the current theory of gravitation
is exactly analogous to that in electromagnetism. Since that analogy applies here
as well, it follows that the predicted energy loss and orbital decay of PSR 1913+16
will be the same.
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9 A Different Cosmology
Is the Riemann geometry of Einstein’s general relativity necessarily real? Accord-
ing to one founder of relativity, Poincare´, nature singles out the simplest of geome-
tries, the Euclidean. (See Einstein [37].)
A Riemann geometry like that conceived by Einstein can also be used to de-
scribe ordinary optical systems [38]. Similarly, the speed of light is treated as
absolute, while the “optical path distance” varies according to the refractive index.
Although it’s possible to solve optics problems this way, of course measurements
with meter sticks show that the true geometry of ordinary optical systems is Eu-
clidean. Measurements of the distribution of galaxies [2] appear to be saying the
same for the geometry of the universe.
While the current geometric interpretation of general relativity rests on an ab-
solute speed of light in vacuo, that is not the case here. In addition to gravitation
without space-time curvature, this permits an alternate explanation of the Hubble
redshift: gradual change in the value of c. Since c directly affects the frequencies
and wavelengths of de Broglie waves, the frequencies of atomic spectra would also
be shifted.
This change may be attributable to the evolving composition of the universe.
For example, stars are gradually converting a large fraction of its mass into neu-
trinos, many of which are not detected. As described in a related paper [8], such
processes may raise the value of c, and the frequencies of atomic spectra, by trans-
ferring energy to the “vacuum.” (Thus the rates of clocks are increasing. From Eqs.
(15) and (16) we might also expect the dimensions of atoms and meter sticks to
increase proportionately.)
In principle, this effect could be detected in a two-beam laser interferometer
with beams of unequal lengths. From its greater age, the longer beam would have
a relatively lower frequency at the detector. We can describe the resulting interfer-
ence by putting Hubble’s relationship in frequency terms.
The Hubble redshift is usually attributed to assumed recessional velocities of
galaxies, proportional to their distances. That is,
v = Hd (77)
where v is this velocity, H is the Hubble constant and d the distance. From mea-
surements made with the Hubble Space Telescope, H has been estimated at 73
km/sec/Mpc [4]. The Doppler effect for a spectral source receding at a nonrela-
tivistic velocity is given by
ν = ν0 − v
λ0
(78)
where ν is some observed frequency, and ν0 and λ0 are the corresponding fre-
quency and wavelength at the source. Substituting for v gives a form of the rela-
tionship actually observed,




Again, rather than Doppler shifting, in the present theory this is taken to describe
evolutionary changes in spectra. Here ν represents a frequency emitted at an earlier
time, while ν0 and λ0 represent corresponding values at the time of measurement.
In our interferometer, we can take ν as the frequency of the beam with the
longer path, and ν0 as that of the reference beam at the detector. The resulting
beat frequency is then the difference between ν and ν0. From the last equation, the
difference frequency is
ν0 − ν = Hd
λ0
(80)
where d represents the optical path length difference between the two beams. For
example, for d = 10 km and λ0 = 633 nm, this gives a beat frequency of 3.7 10−8
Hz, corresponding to a shift of about 1.2 fringes per year. Although the effect is
cumulative, this is so small it appears to be unmeasurable with existing technology,
due to the long path length and extreme overall stability required.
From its increasing clock rates, this cosmology predicts the same time dilation
effects as the Big Bang model. This agrees with the observed lifetimes of type Ia
supernovae, found to be inversely proportional to their redshifted frequencies [39].
No attempt has been made yet to model the cosmic microwave background. (Since
this is not a steady-state cosmology, this will involve inferring conditions in the
remote past, and at distances where individual objects are not resolved.) How-
ever, we know at least that the sky between resolvable objects would be filled with
longer-wavelength radiation from more distant ones.
The implications of the theory concerning the gravitational collapse of massive
stars also have not been worked out. Of course, topological entities dependent on
curvature, such as wormholes, are ruled out (and any direct observation of these
would invalidate the theory). Further, there does not appear to be an equivalent
of the Schwarzschild radius in Einstein’s general relativity. Thus the problem of
information loss in black holes may not exist. And, without the limit imposed by
the Schwarzschild radius on the observable gravitational redshift, is it possible the
redshifts of quasars are due in part to gravity?
10 Conclusions
Measurements of general relativistic effects, such as gravitational bending of starlight,
are often cited as proof of space-time curvature. The implicit assumption is that no
alternative explanation is possible. However, the theory described here suggests
that this assumption is unjustified. As in electromagnetism, we can attribute gravi-
tation to the direct influence of potentials on quantum-mechanical waves.
Unlike the standard Big Bang model associated with Einstein’s general relativ-
ity, this theory agrees with the flat large-scale geometry of the universe observed
and permits the existence of stars with ages > 12 billion years. And, unlike Ein-
stein’s general relativity, it is immediately compatible with quantum mechanics.
This calls into question the need for a curved space-time, its mathematical com-
plexity, and its many degrees of freedom.
18
Both theories predict the same gravitomagnetic precession of satellite orbits,
confirmed in the recent analysis of data from LAGEOS and LAGEOS II. However,
in the upcoming satellite experiment Gravity Probe B, current general relativity
calls for a Lense-Thirring precession of the gyroscope, while a null effect is pre-
dicted here. Also, measurements of second-order solar deflection of starlight by the
proposed POINTS and GAIA observatories could potentially distinguish between
the two theories.
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